Postoperative pulmonary embolism continues to be a problem in patient care, especially in high-risk patients. This study was designed to evaluate a combined pharmacologic approach to the prophylaxis of postoperative deep venous thrombosis (DVT) by mediating at least two and probably three of Virchow's predisposing factors. Patients 40 years of age and older undergoing operations greater than 45 minutes under general anesthesia were placed in one of five treatment groups and studied by a prospective randomized, doubleblind protocol. Study drugs were the following: (1) 0.5 mg of dihydroergotamine plus 5000 IU of sodium heparin (DHE 5000), (2) 0.5 mg DHE plus 2500 IU heparin (DHE 2500), (3) 5000 IU of HEP (HEP 5000), (4) 0.5 mg of DHE (DHE 0.5), and (5) a placebo. Study medications were administered 2 hours preoperatively and continuously thereafter every 12 hours postoperatively subcutaneously in the anterior abdominal waU for 5 to 7 days or until a positive radiofibrinogen uptake test (RFUT). The RFUT was performed according to standardized technique and was used to establish the presence or absence of DVT. This report is an analysis of the major subgroup of patients undergoing intra-abdominal operations. Results showed a highly statistically significant prophylactic benefit from DHE 5000 compared with the placebo (p < 0.003) and all other treatment groups (p < 0.05). There was no significant benefit from DHE 2500, HEP 5000 (p > 0.13), and DHE 0.5 (p > 0.3). All patients who entered the study had two or more risk factors for postoperative DVT, and high-risk patients were distributed equally throughout all treatment groups. DHE 5000 maintained its prophylactic benefit in high-risk patients. Evaluation of operative blood loss, postoperative blood loss, hematomas (wound or injection site), hematuria, postoperative hemoglobin difference, and adverse reactions revealed no significant difference between the study medications and the placebo. It is proposed that DHE 5000 has a synergistic prophylactic effect by mediating all three limbs of Virchow's triad: hypercoagulability (heparin), stasis (DHE), and vein wall injury secondary to venodilatation (DHE). DHE 5000 is recommended for patients at high risk of developing postoperative DVT and pulmonary embolism; however, it should be avoided in patients with acute myocardial infarction, sepsis, and sustained hypotension. (J VASC SURG 1984; 1:608-16.) Pulmonary embolism continues to be a major complication in patients following intra-abdominal operations. Although it is difficult to precisely determine the true incidence of fatal pulmonary embolism, the best available data reveal an incidence of 0.2% to 0.5%. 1-a The morbidity of nonfatal pulmonary emboli is significant, and anticoagulation therapy in the immediate postoperative period fol- 608 lowed by long-term anticoagulation therapy imposes added risk. It is commonly accepted that the major deep veins (femoral and iliac) are the primary source of pulmonary emboli. Unfortunately, the signs and symptoms of deep venous thrombosis (DVT) are obscure, 4 and the diagnosis is elusive prior to the embolic event? If DVT can be minimized or eliminated, it is reasonable that the frequency of pulmonary embolism will likewise be reduced.
segment 6 and others maintaining that the origin is most frequently in the calf veins. 7 If postoperative patients are to be monitored for the development of DVT and if the monitoring technique is sensitive for calf vein thrombosis, then it is important that calf vein thrombosis be a dominant marker for developing clots in the deep venous system. Whether the thrombus originates in the calf veins and extends into the more proximal veins or the two segments develop thrombosis simultaneously but independently is less important. Available data suggest that there is a close association of calf vein thrombosis and major proximal vein thrombosis in general surgical patients, v-9 Isolated proximal vein thrombosis is more common in orthopedic patients, whereas it is unusual in general surgical patients2
In 1856 Virchow ~° presented the classic triad of the factors leading to DVT. Included are stasis, the hypercoagulable state, and vein wall injury. As one attempts to establish the pathophysiology of DVT, it becomes apparent that all three elements play a role. A single component of the triad may be the overwhelming disorder in a particular instance, but for most the pathogenesis is multifactorial.
Numerous methods of DVT prophylaxis have been investigated. Mechanical methods are aimed at diminishing "stasis" and increasing venous return. Plasma expanders likewise are directed toward minimizing stasis; however, effects on platelet kinetics and coagulation factors have been demonstrated. Anticoagulants and particularly low-dose heparin have been studied in many clinical trials; and while conflicting data exist, heparin has generally been shown to be effective in reducing the frequency of postoperative DVT in general surgical patients. 11 -13 There has not been uniform acceptance by U.S. surgeons of any prophylactic regimen. There are many reasons for the lack of uniform acceptance. Included are thoughts that the incidence of DVT in the United States may not be as high as demonstrated in other countriesa4; the potential hemorrhagic complications from the administration of low-dose heparin; the question of how the positive radiofibrinogen uptake test (KFUT) relates to the risk of pulmonary embolism and postthrombotic symptoms; and the lack of well-controUed studies performed in this country. 1~
If one were to postulate a new method for the prophylaxis of DVT, an approach directed at inhibiting at least two of Virchow's three factors would seem advantageous. Low-dose dihydroergotamine (DHE) has been shown to exert a selective constrictive effect on veins and venules (capacitance vessels) without affecting arteries and arterioles (resistance vessels). ~5,~ This effect counteracts venous stasis and accelerates venous return. Several European clinical trials demonstrated significant prophylactic efficacy with low-dose DHE) v Because of the available data, it was thought that a well-controlled study of the relative efficacy of treatment regimens involving DHE and/or heparin was indicated. A large prospective multicenter trial was performed in the United States (Table I) . This report is an analysis of the major subgroup of patients undergoing intra-abdominal operations. The general surgeon is most often faced with the patient 610 
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Journal of VASCULAR SURGERY at high risk for postoperative pulmonary embolism. Because laparotomy is the major procedure of the general surgeon, it is important to establish the risks vs. benefits of any prophylactic DVT regimen in this important patient population.
METHODS
Fifteen medical centers participated in this investigation, which was organized as a prospective double-blind, parallel group clinical trial. Institutional review board approval of the protocol and informed consent statements were obtained from each center.
Patients entering this study were required to be at least 40 years of age, scheduled for a major operation exceeding 45 minutes, and requiring general anesthesia and a minimum 5-day postoperative period of hospitalization. A normal preoperative coagulation profile, which included platelet count, bleeding time, prothrombin time, and partial thromboplastin time, was required.
Only patients undergoing major intra-abdominal operations are included in this analysis. Thoracotomy, mastectomy, inguinal herniorrhaphy, prostatectomy, and lower genitourinary tract operations were eliminated. Additional patient exclusion criteria are listed in Table II .
After informed consent was obtained, each patient was randomly assigned to one of five treatment groups.
1. DHE 5000: a combination of 0.5 mg of dihydroergotamine and 5000 IU of heparin sodium 2. DHE 2500:0.5 mg of dihydroergotamine plus 2500 IU of heparin sodium 3. HEP 5000:5000 IU of heparin sodium 4. DHE 0.5:0.5 mg of dihydroergotamine 5. Placebo
The study medications were administered by subcutaneous injection into the anterior abdominal wall beginning 2 hours prior to operation and continuing thereafter every 12 hours for a minimum of 5 days or the development of a positive RFUT.
The criterion for diagnosis of DVT was the RFUT. This test measures the incorporation of '2~I-fibrinogen into actively forming thrombi or previously established thrombi that continue to enlarge. TM One hundred milligrams of potassium iodide was given orally to each patient the evening before operation and daily thereafter (whenever possible) for 5 days to act as a thyroid-blocking agent. Each patient received 100 t~Ci of 12H-fibrinogen intravenously during the immediate postoperative period. RFUT measurements were begun 4 hours after the administration of 12H-fibrinogem and performed daily until the patient had completed the 5-to 7-day treatment course. A portable isotope localization monitor (Ibrinator) was used to measure the '25I-fibrinogen over four distinct points on the medial aspect of the middle to lower thigh and six distinct points on the posterior aspect of the, Volume 
Prophylactic efficacy of low-dose DHE and heparin 611 Chi square (12 df) = 9.891; Prob > chi = 0.6255. popliteal fossa (2 points) and calf (4 points). The diagnosis of DVT was established if there was at least a 20% difference in radiofibrinogen uptake that persisted for 24 hours and was detected at any anatomic point compared with the readings over adjacent points of the same leg or the same anatomic point compared with previous readings and the corresponding point on the opposite leg. The variables that were analyzed to monitor the safety of the drug medication included the following: (1) operative blood loss, (2) postoperative blood loss, (3) excessive postoperative bleeding (a subjective judgment of the attending physician), (4) hematoma formation either at the wound or the injection site (daily evaluation), (5) hematuria (microor macroscopic), (6) pre-and postoperative hemoglobin determinations, and (7) adverse drug reactions.
RESULTS
Seven hundred sixty-nine patients having intraabdominal operations were selected for this analysis, which is part of a larger study being reported elsewhere. Six hundred twenty-five (81%)patients completed the study according to protocol requirements. Reasons for protocol violation are listed in Table III . Comparison of the distribution of protocol compliers and violators showed no difference between treatment groups.
The average age of patients completing this study was 60.2 years. Fifty-one percent of the patients were between 40 and 60 years of age, and 49% were older than 60 years of age. There was a relatively equal sex distribution (55% men and 45% women). The anthropomorphic characteristics of patients showed that 61% had medium frames, 22% small frames, and 17% large frames. Obesity was defined as greater than 15% above ideal body weight; 35% (220) of patients were considered to be in this category. The average weight of the men was 170.5 pounds, and the average weight of the women was 157.1 pounds.
Existing risk factors for each patient were identified according to those listed in Table IV . The risk factors were distributed equally throughout all treatment groups (Table V) ; therefore, the patients in each study group were at similar risk for DVT. All patients entered had at least two risk factors; 74% had three or more.
The incidence rates of thrombosis for each of the treatment groups is illustrated by the bar graph in Fig. 1 Compared with the placebo, DHE 0.5 showed a 20% reduction in DVT, HEP 5000 a 28% reduction, DHE 2500 a 29% reduction, and DHE 5000 a 62% reduction. The number of patients completing this study in each treatment group, the incidence of DVT, and the intergroup statistical comparisons of DVT incidence rates are shown in Table VI . The pairwise comparison of treatment groups showed that DHE 5000 was significantly superior to the placebo (p < 0.003) and to all other treatment groups (vs. DHE 2500, HEP 5000, and DHE 0.5 p < 0.03). Although DHE 2500 and HEP 5000 appeared to be similarly effective in reducing the incidence of DVT, the effect was not statistically significant compared with the placebo (p < 0.14 and p < 0.15, respectively). The patients treated with DHE 0.5 had a marginal reduction in the incidence of DVT, which likewise was not significant (p < 0.3).
Operative and postoperative hemorrhagic events were major considerations in the safety analysis of the study drugs. Table VII is a detailed compilation of all aspects of blood loss monitored during the study. Characterization of blood loss included measured intraoperative loss, patients losing more than vs. less than 1 unit of blood, postoperative drainage, subjective impression of "excessive postoperative bleeding," doctunentation of blood replacement, and hematoma formation either at the operative wound or the injection site of the study medication. The overall analysis reveals no statistically significant difference among treatment groups for any of these measurements. The mean postoperative drainage shows a trend for higher values measured in the DHE 5000 and DHE 2500 groups, but on closer examination this difference was attributed to a few outliers in these two groups. Of the few patients in this category, the attending physician thought that only one had "excessive" postoperative bleeding. Because the few extremely large outlying values tend to skew the means, the median values that are similar across groups are more meaningful estimates of central tendency. All cases included, the differences in means are not statistically significant.
It is interesting to note that there was no significant difference in the incidence of wound or injection site hematoma. One serious complication occurred in a patient who received DHE 5000, and it may have contributed to his death. Although the cause of death was disseminated intravascular coagulation and sepsis attributable to bowel necrosis, the potentiating effect of DHE on vasoconstriction in sepsis and hypotensive patients must be considered.
DISCUSSION
The results of this trial show a significant prophylactic benefit from postoperative DVT when the combination of DHE 0.5 and HEP 5000 was injected subcutaneously 2 hours preoperatively and every 12 hours postoperatively. In view of the numerous studies in the literature that substantiate significant prophylaxis with low-dose heparin alone, it was surprising to note that HEP 5000 or the combination of DHE 2500 did not show significant prophylactic benefit in this series.
There were no additional complications in the treatment groups when compared with the placebo. Specifically, there was no difference between treatment groups in any of the blood loss parameters. Patients who have significant myocardial ischemia, sepsis, or hypotension should not be treated with DHE. 1~ It is also suggested that patients currently being treated with the DHE-heparin combination who develop any conditions initially considered ex-
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Clearly not all patients undergoing general surgical procedures need be treated with venous thrombosis prophylaxis. However, patients in highrisk groups stand to benefit significantly, and it has been shown that D H E 5000 maintains its prophylactic efficacy in patients with multiple risk factors.
Patients undergoing abdominal operations are at highest risk of developing DVT within the first 4 postoperative days. 7,2° This suggests that the trauma of operation creates an environment responsible for the formation of thrombi. The supine position, immobility, and venodilatation are thought to be factors that contribute to stasis. The prolonged retention of dyc in the soleal sinuses has been demonstrated in immobile patients, 21'22 and investigators have shown a reduction in venous flow velocity. 23 Hypcrcoagulability is thought to occur to some degree with operation, 24,25 although it may be difficult to define. Vein wall injury is a common precursor to DVT following direct trauma; however, recently it has been shown that there is a reproducible injury in remote veins following operations. 26 It was found that when D H E was combined with heparin, there was an added prophylactic benefit compared with heparin alone. 2m8 The mechanism proposed to explain these results is the apparent increased venous tone with improvement of venous return and accelerated venous flow velocity. Kakkar et al. 28 showed that patients receiving the combination of D H E and heparin sustained a signiticantly higher heparin level than those receiving heparin alone. However, Schran et al. 29 failed to reproduce that finding in a more recent study that investigated the pharmacokinetics and bioavailability of this combination.
The mechanism of action of the DHE-heparin combination appears to be synergistic since all three limbs of Virchow's triad are potentially affected. In Subsequent studies likewise show that tears through the venous endothelium and basement membrane served as foci for thrombogenesis and were induced around venous confluences in response to surgically induced trauma or infused vasoactive amines I (Fig. 2) . Because DHE markedly reduces venodilatation, it can be postulated that intireal lacerations that occur secondary to the pronounced response of vascular smooth muscle would be reduced. Therefore DHE can potentially decrease vein wall injury. It has been shown that DHE reduces stasis by increasing venous flow velocity. The anticoagulant heparin is directed toward minimizing the hypercoagulable state. Therefore it can be concluded that the combination of DHE and heparin affects each limb of Virchow's triad, and one would naturally expect synergistic improvement in prophylactic benefit when the two are used in combination rather than each alone. CONCLUSIONS 1. DHE 5000 given 2 hours preoperatively and continuously thereafter every 12 hours postoperatively reduces the risk of DVT in the lower extremities following intra-abdominal operations in patients 40 years of age or older.
2. DHE 5000 is significantly superior to HEP 5000, DHE alone, or DHE 2500. DHE 5000 maintains its prophylactic benefit when administered to high-risk patients. 3. No significant side effects, adverse drug reactions, or hemorrhagic complications were found. 4. DHE should not be administered in the presence of overt sepsis or sustained hypotension. 5. The proposed mechanism for prophylactic effect is through mediating all three limbs of Virchow's triad by minimizing the hypercoagulable state (heparin), decreasing stasis by increasing venous flow velocity (DHE), and decreasing vein wall injury by limiting venodilatation (DHE).
We wish to thank Gwendolyn Stewart, Ph.D., of the Thrombosis Research Center, Temple University Hospital, Philadelphia, Pa., for providing the scanning electron micrographs used in Fig. 2 .
Dr. Andrew Nicolaides (London, England). This is a major contribution in the field of prophylaxis of deep venous thrombosis (DVT). It is a well-designed, carefully executed study that established the superiority of the combination of dihydroergotamine and 5000 units of heparin.
Although Virchow's triad is not new, the progress made in the last 10 years had made us reappraise it and give us a better understanding of the interaction among the three parts of the triad.
We now know that one factor of Virchow's triad alone is not enough to produce thrombosis. At least two should be present at one time, and we believe that in the majority of the clinical situations all three are present.
We know that a column of blood in a vein that has been clamped will not clot as long as activated coagulation factors are not present and the endothelium is intact. However, in the presence of activated clotting factors or damaged endothelium, the blood will thrombose; but a high blood flow will not allow this to happen even in the presence of damaged endothelium and hypercoagulable factors.
Dr. Comerota has told us how trauma can initiate a process that will damage the endothelium distally, and here is the best example of how one factor in Virchow's triad will initiate another. The understanding of this interaction has become an essential requisite for proper and rational management of prophylaxis, and I predict that we will be seeing more combinations of prophylactic methods that attack not one limb of Virchow's triad only but sev-Journal of VASCULAR SURGERY eral together, and I think this will be essential if we are going to prevent DVT in the high-risk groups.
Dr. W. Kirt Nichols (Columbia, Mo.). The incidence of fatal postoperative pulmonary embolism, and by inference DVT, seems to be decreasing in our institution; nonetheless, this problem continues to vex the busy clinician. Protocols that aim to reduce the incidence even further are to be applauded.
To this end the authors have added dihydroergotamine to a standard protocol of low-dose heparin. One of the proposed mechanisms of this combination is to decrease venous stasis by producing selective venoconstriction and thereby increasing venous flow velocity. Dr. Comerota does not mention other commonly used techniques to achieve this end--such as leg elevation, elastic stockings, early ambulation, and muscle pumps.
I would like to ask two questions. Did you control this study in some way to minimize the effects of the other techniques to improve venous return? Did you measure or quantify in any way in order to confirm the impression of an increased venous flow velocity?
Dr. Michael Hume (Boston, Mass.). I want to thank the Society for a chance to mention one or two reactions to a well-designed trial, which I regret they terminated so soon because I think the numbers are small. A multicenter trial ought to have a larger experience.
We know that the combination of dihydroergotamine with heparin is an effective agent, and I am surprised that the result of their trial is to show that heparin alone was not better than the placebo. It has been in many other series. That raises some question about the entire study.
In Europe the smaller amount of heparin (2500 units) with dihydroergotamine has been shown to be effective. The advantage of the combination was that one could get by with less heparin and consequently reduce the risk of bleeding.
It is disappointing to find that that is not confirmed and that you have to use as much heparin with the dihydroergotamine as has been previously thought to be effective (heparin alone).
I am somewhat concerned, therefore, about the result and think it would have been better to have a larger total number of cases in the multicenter trial.
Dr. Comerota (closing). Dr. Bergan, we did not monitor for clinical signs of DVT. I can say from the two centers in which I was involved that most of the patients who developed positive radiofibrinogen uptake tests did not have clinical evidence of DVT.
In terms of pulmonary embolism, although this was not a realistic end point of this study, there were two patients who developed pulmonary embolism during the treatment period. One was in the placebo group (this was documented with a pulmonary angiogram), and one was suspected to have a pulmonary embolism. He was in the DHE-HEP 2500 group and had a suspicious lung scan. Both were treated for pulmonary emboli.
Mr. Nicolaides, I thank you for your very kind comments.
Dr. Nichols, I cannot take credit for the design of this protocol. Basically, the protocol was designed by Dr. Arthur Sasahara of Boston and Dr. Frank DiSerio from Sandoz Pharmaceuticals. No other techniques were used for accelerating venous flow velocity, and all patients who had complicating factors such as any anticoagulant or antiplatelet agent given within 3 days of entrance into this study or during this study were eliminated from the protocol. One Percodan tablet during the study would eliminate the patient from consideration.
We did not document venous flow velocity and relied on the work of previous investigators.
Dr. HLune, we too were surprised that low-dose heparin at 5000 units every 12 hours did not give us an efficacious end point. However, we could not argue with the data. I think one explanation might be that the patients admitted to this study were generally high-risk patients.
I must recognize Dr. Gwendolyn Stewart of the Thrombosis Research Center of Temple University Hospital for her meticulous research, and I thank her for sharing her results with us.
It was the concerted effort of the investigators of this multicenter trial committee that permitted the successful completion of this study, and on behalf of them I thank the Society for Vascular Surgery for the opportunity to present our results.
